Streptococci related to Streptococcus sanguis were shown to represent a major segment of the bacterial flora of certain soils. Upon initial isolation, these streptococci were quite pleomorphic and displayed morphological characteristics common to several other genera of bacteria, but after prolonged cultivation on laboratory media the isolates demonstrated a typical streptococcal morphology. It was proposed that a requirement for correction of the control mechanisms affecting growth rate and cell wall synthesis in part might explain the difficulty encountered in isolation of these organisms from soil and their initial pleomorphism and cultural instability. The possible role of these soil organisms as etiological agents of disease and the occurrence of other groups of streptococci in soil were discussed.
In 1965 Casida (3) described a modified dilution frequency procedure for the isolation of predominant, but hitherto unknown, soil bacteria. This method was designed so that a numerically dominant but fastidious microorganism could adapt to laboratory media without competition from other species. Using this procedure, a catalase-negative, coccoid bacterium was isolated from several soils, but because of pleomorphism and cultural instability, the exact taxonomic status of this organism could not be assessed. The characteristics of apparent budding, swollen forms, and coccoid cells of various sizes and shapes resembled those for the genus Mycococcus. On the other hand, nutrition, serological reactions, and the occurrence of branched forms suggested the genus Actinomyces.
Recently, it was noticed that cultures of these isolates, after having been maintained as stock cultures for several years, displayed less pleomorphism, and that they then more closely resembled the genus Streptococcus.
The purpose of this study was to investigate the occurrence of these coccoid isolates in a wide variety of soils, to evaluate the morphological changes that had occurred during continued cultivation on laboratory media, and to establish the taxonomic status of these organisms. For cell wall analyses, the cells were disrupted with glass beads in a Braun Homogenizer (1), and extraction was carried out by the procedure of Cummins and Harris (6) with the omission of the ribonuclease treatment. The resulting cell wall fraction was subjected to hot formamide as described by Fuller (9) . The glycopeptide fraction was hydrolyzed for amino acid analysis in a sealed tube with 6 N HCl for 12 hr at 105 C; 4 N HCl for 4 hr was used for amino sugar analyses. Residual HCI was removed by repeated aeration and evaporation to dryness over a hot water bath. The carbohydrate fraction was hydrolyzed for 2 hr in 2 N H2SO4 at 105 C; then the sulfuric acid was removed by adding hot, saturated Ba(OH)2 to the methyl red indicator range. Amino acids, amino sugars, and sugars were identified by unidirectional, descending cochromatography employing solvent systems composed of (i) water-saturated n-butanol and glacial acetic acid (55:15), and (ii) n-butanol, pyridine, water, and acetic acid (60:40:30:3). Whatman no. 4 paper was employed for the amino acids and amino sugars, and Whatman no. 1 for the sugars.
The deoxyribonucleic acid (DNA) base compositions (moles per cent guanine plus cytosine) of the total bases were determined by M. Mandel (Texas Medical Center, University of Texas), using the buoyant density-CsCl method (25) .
RESULTS
Occurrence. Examination of 28 soils by the procedure of Casida (3) showed that the organism which he described occurs primarily in fertile soils with pH values ranging from 7.0 to 7.8. Attempts to isolate these organisms from arid desert soils, soils with low organic content, and soils with excessively high or low pH values were unsuccessful. These bacteria have not been observed for all fertile soils, however, in part because of the presence in certain soils of another dominant microflora to be described in a later publication.
The organisms described by Casida would appear to be the predominant species in those soils from which they have been isolated, ranging in numbers from 10 to 100 times greater than the combined totals for the platable populations. Thus, they have been isolated only from those soil dilution ranges 1 and 2 logarithmic units beyond the dilution endpoint for the platable soil bacteria.
Morphology. On initial isolation, these organisms are pleomorphic, showing budding and branching cells of various sizes and shapes (Fig.  1) , and many of the strains die-out shortly after transfer from the initial isolation tubes. This instability has hindered the determination of their exact taxonomic relationships. Thus, in this state these cultures possess various morphological features in common with the genera Corynebacterium, Streptococcus, Mycococcus, and Actinomyces.
Those cultures which have survived the initial growth period on laboratory media and have been maintained as stock cultures over a period of time gradually lose their pleomorphism and become more uniform in appearance (Fig. 2) . The end result is that these cultures become morphologically more typical of the streptococci. The time required for any particular isolate to become stabilized varies greatly. For most cultures, several to many monthly transfers in stock media (such as medium no. 1 or Heart Infusion Broth) are required before a uniform morphology is observed; for others, stability is obtained relatively shortly after initial isolation and purification.
The initial pleomorphism of the isolates is observed under both aerobic and anaerobic conditions of incubation, as well as on solid and liquid media. In contrast, stabilized cultures demonstrate a fairly uniform morphology under all of the above incubation conditions. However, in the presence of surface active agents or other toxic substances, such as bile (Oxgall), the stabilized cultures demonstrate pleomorphic forms resembling to some extent those observed at isolation (Fig. 3) . We have also shown that established laboratory strains of Streptococcus sanguis display similar morphological variations in the presence of bile.
Taxonomy. Biochemical and physiological tests (Tables 1 and 2 ) reveal that our isolates are related to the S. sanguis aggregate as described by Coleman and Williams (5). As pointed out by these workers, the latter group represents a cluster of streptococci closely resembling S. sanguis and group H, but whose characteristics differ in some respects from those for these organisms. The major attributes of S. sanguis and the group H streptococci are their serology, alpha prime hemolysis on blood-agar, dextran formation from sucrose, deamination of arginine, and cell wall carbohydrates including rhamnose, glucose, and galactose. All parent that a significant proportion of our isolates are able to reduce 0.1 % methylene blue milk, which contrasts with the description of S. sanguis presented in Bergey's Manual (2). Nevertheless, the DNA base composition (Table 3) of the one soil isolate tested is closely related to the 38 to 40% range reported by Marmur, Falkow, and Mandel (15) for S. sanguis. three, and usually four, of these characteristics, so that inclusion with any other group is not possible.
Our isolates differ from the S. sanguis aggregate of Coleman and Williams (5) in that a greater percentage of the former display alpha prime hemolysis and hydrolyze starch, whereas a lesser percentage are bacitracin-sensitive or able to grow in the presence of 40% bile. Also, from the additional properties listed in Table 3 , it is ap-DISCUSSION This study demonstrated that a group of streptococci related to S. sanguis composes a major bacterial population of certain soils. Previously, the isolation of streptococci from sources other than dairy products, animals, or insects has been only infrequent. Group D streptococci and related species have been found in low numbers in certain soils (14, (16) (17) (18) 23) , presumably from fecal contamination, and they GLEDHILL AND CASIDA have been observed associated with some plants (17) (18) (19) (20) , probably from insect contamination or wind dissemination (17) . In addition, S. sanguis and S. equinus have occasionally been isolated from air and dust (7, 8) . Until now, there have been no reports of streptococci as predominant soil bacteria.
It is concluded that our isolates originated in the soil and were not the result of uncontrolled points of bacteriological technique. Successful isolations were obtained only from the soil dilutions just beyond those yielding platable soil microorganisms, although further soil dilutions were always included. Also, certain soils never yielded these organisms. Lastly, all attempts to demonstrate that they might have originated from the human mouth during isolation were unsuccessful.
From a practical standpoint, the grouping of our soil isolates with S. sanguis is of importance, since this species frequently has been isolated from the endocardium of patients with subacute bacterial endocarditis (10, 22, 29) and because the latter strains on primary isolation apparently had morphological properties (12) in common with our freshly isolated soil strains. A more detailed investigation of this aspect might reveal the significance of these soil organisms in the etiology and epidemiology of certain clinical syndromes.
The initial pleomorphism of our streptococcal soil isolates is interesting, but not entirely novel. Numerous other workers have observed morphological variations in certain species of streptococci on initial isolation from clinical material or under varying conditions of cultivation (12, 27) . Lamanna (12) concluded that this pleomorphism does not represent a stage in the life cycle of the streptococci, but that it results from growth under adverse conditions. If this is true, it would suggest that our soil strains, as they are initially cultivated on laboratory media, are unstable because of unfavorable conditions, and that in order to survive they must adapt to these conditions. For example, they may not have completely adapted to the metabolic rate afforded by laboratory media (11) .
The observed pleomorphism and culture instability also might result as a consequence of "unbalanced growth" (26) in which cell division and cell wall synthesis lag behind cell growth. Thus, the difficulty in isolation and the length of time required for laboratory culture stabilization could be attributed to a need for correction in the regulation of cell division. Alternatively, it is possible that the cells in situ in soil do not possess a typical cell wall. Current literature does not refute this assumption (28) It would seem unusual that only this one group of streptococci comprised our soil isolates. Nevertheless, we believe that the soil may be a natural reservoir for other streptococcal groups, but that they may be present in relatively lower numbers or they may be even more unstable at isolation than those presently encountered. Possibly, for these organisms an isolation technique is required which would allow initial growth on a medium more closely approximating the conditions in nature, followed by a graded exposure to richer media over a period of time.
